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A group of countries of East and South East Asia achieved important successes in their processes of industrial and technological progress from the development of local suppliers of the manufacture industry. Based on processes of learning and accumulation of technological capability these local suppliers could advance rapidly from simple assembly activities in the 1960s and 1970s, toward product design in the late 1980s and finally to introducing their own brands in the international markets and carrying out R&D activities for new products in the 1990s. own assembly plants in the northern border, which where denominated maquilas. 4 On the other side, the evolution in Mexico has been less successful in terms of national industrial and technological development.
As consequence of the conditions and restrictions under which these plants where established, and of the poor attempt by the maquilas to form links with different Mexican industrial and governmental organizations, the stereotype that they were technologically poor establishments, were workers were submitted to repetitive and inhuman exploitation processes, was consolidated.
During the decade of the 1990s, the maquila industry consolidated its role as an employment generator in the manufacturing industry. Between 1990 and the year 2002, it created employments at an annual rate of over 10%. In the 2002, the 1,087,487 workers employed in the 3,251 plants of the maquila industry represented 30% of the total personnel working in the whole manufacturing industry.
However, the evolution of the maquila industry was not limited to the growth of the number of establishments and employees. As a result of internal learning processes and changes in the strategies of global firms, various maquilas in Mexico have experienced important qualitative changes. Although there is no precise data to evaluate the depth and magnitude of such transformation, recent studies confirm that during the 1990s a change occurred in the nature of the productive and technological activities of a group of maquilas towards more complex products and more sophisticated technical activities. 5 On the contrary, there are dimensions that have evolved more slowly, like the linking of national firms to their suppliers chains, particularly of components.
The aim of this paper is to present an analytical framework to help study the technological capability accumulation in the maquila industry in Mexico, based on that to analyze the levels of technological capability accumulation of three maquilas, and to bring to light some stylized facts of the accumulation process in this industry.
The analytical framework proposed draws on the taxonomy of technological capabilities proposed by Bell & Pavitt (1995) for the manufacturing industry in developing countries, and its further adaptations and applications carried out in Figueiredo (2001) and Ariffin & Figueiredo (2003 , 2004 . This paper adapts such framework to the particularities of the maquila industry in Mexico, in this sense the new taxonomy adds technical functions that are relevant to this industry and redefines activities that correspond to various levels of accumulation.
It is important to highlight that the framework focuses on intrafirm accumulation processes; it reveals the paths, processes and strategies of accumulation. However, it is less suitable to explain the links between these internal processes and the external context. Therefore, it is important to consider that the characteristics of the firms' capability paths depend on internal and external factors. Among the internal factors stand out the particularities of the firms foundation, their organizational and technological culture, and the business and technological strategies. These factors affects the building of organizational routines which shape the path of technological capability build-up. The most relevant external factors are associated with the economical and social environment in which firms operate, and with the characteristics of the local and national innovation systems.
The analysis of the accumulation processes of the maquilas in Mexico is placed in a national environment which has been characterized over decades by a macro economical instability and by the existence of an immature national innovation system, with a fragile structure of linkage among the different agents. Additionally, the maquilas were initially placed in localities in the northern border with little manufacturing tradition, a young educational system, inexistent R&D centers, an immature local institutional structure, etc. In these localities it was impossible to talk about a local innovation system, a local productive system was barely being conformed. This affects both the accumulation of the maquilas and the development of local suppliers. This local environ-This paper is organized in five sections. Section 2 presents the analytical framework to assess the levels of technological capability accumulation in the maquila industry. Section 3 analyzes the trajectory of technological capability accumulation of the three cases being analyzed. Section 4 compares the trajectories of accumulation of the three maquilas. Finally, Section 5 presents some stylized facts of the technological capability accumulation processes in the maquila industry.
A taxonomy of technological capabilities of the maquila industry
Since the beginning of the 1980s, a group of authors have contributed to the gradual build-up of an analytical framework to help analyze the processes of accumulation of technological capabilities by firms in developing countries. 7 The basic idea is that capabilities represent abilities to do things, and technological capabilities reflect the dominion of technological activities. Based on empirical research at firm level, this literature has elaborated taxonomies to help describe the gradual processes of accumulation, from a stage that reflects minimum levels of knowledge (needed for the routine operation) to the stage of advanced innovative capabilities. In this section we present a new version of the taxonomy of technological capabilities adapted to the particularities of the maquila industry in Mexico. An index of technological capabilities that measures the results of the accumulation processes is also presented.
The design of the taxonomy of technological capabilities for the maquila industry draws on the analytical framework proposed by Bell & Pavitt (1995) , which gathers up the advances of knowledge in this area, 8 and on the adaptations carried out by Figueiredo (2001) and Ariffin & Figueiredo (2004) . The philosophy of the taxonomy is kept but, based on the evidence of the characteristics of the accumulation processes at the maquila industry, new technical functions are added and some of the activities corresponding to each level of accumulation are redefined.
The files group out the main technological capabilities according to the degree of innovativeness, including four levels of accumulation: a level of routine production technological capabilities, and three levels of innovative technological capabilities -basic, intermediate, and advanced. By columns, the taxonomy distinguishes the technical functions in which firms can develop technological capabilities. There are three groups of technical functions: (i) investment functions that refer to the creation of technical change and the administration of its implementation during large investment projects; (ii) production functions that refer to the generation and management of technical change in the processes, the production organization, and the products; and (iii) supporting functions that consist of the development of links and interactions necessary for innovative activity.
The taxonomy of technological capabilities in the maquila industry has the following particularities:
7 Dahlman & Westphal (1982) , Katz (1984) , Dahlman et al. (1987) and Lall (1992) . 8 A critical description of this taxonomy is presented in Dutrénit et al. (2003) . 3. The difference between activities of internal and external linkages was due to the fact that they reflect two relevant aspects of the relationships of the maquilas: intrafirm links and links with the context. These dimensions have evolved differently. Following Figueiredo (2001) , the technical function of equipment modification was added since it is relevant in many firms in developing countries. Bell & Pavitt (1995) , Figueiredo (2001) , Figueiredo & Ariffin (2003 , 2004 and Dutrénit et al., (2003) . Most of the activities at the MTC are oriented to make developments for production. Only 3 of the 6 divisions operating at the MTC carry out product design activities. The most advanced division is Delphi Energy & Chassis Systems, 7 which carries out product design and advanced engineering. Inside this division, the largest capabilities in terms of R&D are in the business of sensors and actuators.
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The sensors and actuators are produced in 6 plants all over the world: 1in Ciudad Juarez, 2 in Chihuahua, 1 in Brazil, 1 in Portugal and 1 in China. It participates in the sensors and actuators market at international level with an 8.8% of the total. The engineering, design and development activities are located at the MTC. Here there is a group of advanced engineering of sensors and actuators with 6 doctors, 13 masters and 1 engineer. This group is in charge of developing the technology in the business line of sensors and actuators at world From the analysis of the productive and technological history and of the structure of its links, three stages of evolution of Delphi's business line of sensors and actuators were identified. The definition of the beginning of a new stage is associated with a jump in the process of technological capability accumulation. 10 Table 2 and 3 summarizes the main features of the accumulation at each stage and the accumulation levels in the technical functions according to the taxonomy of technological capabilities. The business of televisions belongs to the sector of Consumer Electronics. Philips assembles and manufactures televisions in different parts of the world. The activities of engineering, design and development of this line are located in Singapore, Bruges and Knoxville.
As in the previous case, three stages of evolution of the business of televisions in Philips were identified. 11 Table 4 and 5 summarizes the main features of the accumulation in each stage.
11 Urióstegui (2002) presents a description of the three stages. Basic Innov.
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Comparison of the accumulation of capability levels in the case-study maquilas
The analysis of the technological capability accumulation trajectories of Delphi, Philips and Thomson put forward some common features as well as certain differences. In this section the trajectories of technological capability accumulation of the three maquilas are compared and the similarities and differences extracted. Tables 3, 5 and 7 present the level of technological capability accumulation of Delphi, Philips and Thomson in Mexico. In each case three stages of accumulation were identified, these were defined in function of jumps observed in the evolution. The first stage starts in the first years in Mexico, the second is a stage of transition, and the third reflects the present profile.
In the three cases there was a gradual accumulation of technological capabilities, the three maquilas evolved fruit of changing from having basic operative technological capabilities to having each time more innovative technological capabilities. In the first stage they all acquired basic operative technological capabilities, necessary for efficient production, and in the second predominates the development of basic innovative technological capabilities. In the present stage Philips and Thomson advanced toward intermediate innovative technological capabilities while Delphi obtained advanced innovative technological capabilities in most of its technical functions.
Differences in the level of accumulation can be observed in each stage of accumulation. In the third stage Delphi reached a highest level of accumulation in most of its technical functions because it transferred the product design of the sensors and actuators business line to Mexico, and the group of advanced engineering at the MTC began to carry out also R&D activities. Philips presents the lowest level of accumulation, in fact Philips' present stage corresponds to the stage 2 of Delphi and Thomson, this because Philips did not advance toward product design and also desaccumulated in the equipment modification activities.
The differences observed in the evolution are associated both with the specificities of the process of internal accumulation in each maquila, and with their corporate strategy. In this sense, the transfer of the product design activities of Delphi's sensors and actuators line to Mexico is the result of a corporate decision based on the accumulation of local technological capabilities in this business line. The slow evolution of Thomson toward design activities is more associated with a corporate decision to concentrate the design in the three existing global centers, than with a scarce internal accumulation of technological capabilities. and production organization, (ii) Equipment modification, and (iii) Decision making and control, and Project preparation and implementation. In the three maquilas these functions reached intermediate innovative technological capabilities in the second stage of accumulation. These technical functions are based mainly on accumulation processes at plant level, needed to assure efficient assembly processes given the local specificities. In contrast, the functions were there was less accumulation, or the accumulation was slower were: (i) Product centered, (ii) Internal linkages, and (iii) External linkages. These technical functions depend on decisions that transcend the plants and are made at firm level. In this sense, the activities of product design and the buys of key components are made globally. Also, as plant level is transcended, other kind of interactions are established between different units of the firms.
Important differences can be observed in the accumulation of the three maquilas in the function centered on the product. Delphi and Thomson progressed toward intermediate or advanced innovative technological capabilities in the third stage, this because Delphi began to carry out product design activities, and Thomson software design activities. The slow evolution of the technical function of external linkages reflects the existence of few local links for innovation, the stronger links are for professional formation and training. Delphi's higher accumulation shows that, although it is a global firm, it is difficult to prevent a disintegration of the basic activities to ensure the constant renovation of the competitive advantages. In addition to that, carrying out activities of design and R&D raises the need of some links with local, regional and international institutions for innovation. It is important to point out that external links are with the region, defined bi-nationally.
Finally, Delphi accumulated more in all its technical functions, which is related to the transfer of a global line, and not just a plant, to Ciudad Juarez. Thus, a more important part of the decision center is in Ciudad Juarez.
Final remarks
The analysis carried out in this study allows us to identify some common features in the process of technological capability accumulation in these three case-study maquilas in Mexico. These common features in the accumulation processes suggest the existence of some stylized facts. § The accumulation process differs in each business line, given the specificities of the process of internal accumulation and the corporate strategy of the global firm. § As plants learn, they spread in technical activities with a high degree of innovativeness and develop innovative technological capabilities. § The learning processes in the plants lead to the accumulation of technological capabilities locally in order to shorten the distance between the production and technology functions. This generates pressure on the headquarters to acknowledge the technological capabilities accumulated and allow them to develop technical activities of higher innovativeness. § Local accumulation is a necessary condition, although not sufficient, for global firms to transfer technical activities to Mexico; the global logic governs over the internal accumulation of technological capabilities. § The maquilas in Mexico are not firms, initially they were simply plants, so that they learnt and accumulated in the technical functions related with plants. Thus there has been a faster process of accumulation in the technical function centered in processes, in the modification of test equipment, and in the investment functions in large projects. § The headquarters maintain the power of decision on the technical functions centered on the products (design and R&D), internal linkages, and in the links with the suppliers of components that correspond to the function of external linkages. § Some maquilas evolved in the sense of attracting global business lines, which allowed accumulating in technical functions related with product innovation, internal linkages, and external linkages. § The development of managerial abilities among Mexicans has been slow because of the lack of opportunities to assume positions of high level locally. As they assume positions of higher responsibility, they look to strengthen the development of more innovative technological activities and integrate Mexican suppliers. § The maquilas have followed an evolution related with the pressures of international competition. Beyond the efforts to develop national suppliers, the logic of businesses is radically different, moreover the gap between the types of firms has accentuated. § The limited external links are associated with three factors: (i) the decision center above key factors outside is the locality, (ii) the profile of the activities at the plant -more productive than technical -that has demanded mostly links for training, and (iii) the weaknesses of the local production and innovation system, which do not have the capacity to respond to links for innovation. § In general, the fragility of the production and innovation system, and of the social weave has not facilitated the linking processes of the local agents with the maquila.
